The objective of this study was to clarify the clinical significance and usefulness of measuring percent body fat (PBF) when compared with body mass index (BMI) in the Japanese population. A total of 2,483 Japanese individuals (1,380 men and 1,103 women) who underwent a medical checkup from 1999-2002 were employed. PBF was determined using bioelectrical impedance analysis (BIA). Relationships of age, BMI and PBF with several metabolic parameters, including blood pressure, lipids and plasma glucose levels were assessed in both genders separately. In men, PBF was a stronger determinant of total cholesterol (TC), low-density lipoprotein-cholesterol (LDL-C) and triglycerides (TG) compared with age and BMI, whereas in women, age was the strongest determinant of TC and LDL-C. In both genders, BMI was the strongest determinant of serum HDL-C among age, PBF and BMI. Based on these data, we suggest that measuring PBF by BIA is superior to BMI for predicting TC, LDL-C and TG in Japanese men. 
Introduction
Obesity is determined based on an individual's BMI, which is defined as body weight (kg) divided by squared body height (m 2 ). The use of bioelectrical impedance analysis (BIA) for determining percent body fat (PBF) is widely accepted as a safe, rapid, low cost and reliable technique [1] [2] [3] . This method, as is the case in BMI, does not provide information on body fat distribution, which is in contrast to, such as CT 4, 5) , MRI 6) and ultrasonography 7) . Nevertheless, PBF determined by BIA, as in the case with BMI, is widely used in Ja-pan for screening an individual's body fat mass in medical checkups because of its simpleness; however, the clinical significance of measuring PBF has not been well studied in detail.
With this background, the aim of this study was to clarify the usefulness and clinical significance of measuring PBF by analyzing the relationship of PBF with several metabolic parameters, including blood pressure, plasma glucose, and plasma lipid levels in 2,483 Japanese individuals (1,380 men and 1,103 women) who underwent medical checkups from 1999-2002 in our department. Table 1 shows the clinical profiles of the study subjects.
Materials and Methods
For individuals who underwent a medical checkup more than once during this period, the latest data were used for this study. Individuals with AST 100, ALT 100, Cre 1.5, HbA1c 6.5%, TG 400 mg/ dL were excluded from this study. Subjects taking anti-hypertensive, oral-hypoglycemic agents, insulin treatment, or lipid-lowering medications were also excluded. BMI was obtained by body weight (kg) divided by squared body height (m 2 ). PBF was determined from bioelectrical impedance analyses (BIA) using TANITA TBF-215 (TANITA Corporation, Tokyo, Japan). This method measures the flow of electrical signals as they pass through fat and lean water in the body. When the amount of fat and lean matter or water changes, so do the signals, giving a reliable and accurate measurement of the amount of each of these components that make up the total weight of the person. The measurements were performed in a standing position, with electrodes in contact with the soles and heels of both feet. Serum total cholesterol (TC), triglycerides (TG), and high-density lipoprotein (HDL)-C levels were determined by standard enzymatic methods. LDL-C levels were calculated with the Friedewald formula. A statement of institutional approval of the study in accordance with the Declaration of Helsinki and informed consent were obtained from all of the participants in this study.
Statistical Analysis
Statistical evaluation was performed using StatView-J 5.0 software (SAS Institute, Cary NC on a Macintosh Computer).
The results were expressed as the mean SD and the significance level was set at p 0.05. Pearson correlation coefficients were used to evaluate the relationship of age, BMI, PBF with metabolic parameters.
Results

Relationship of PBF with BMI
PBF had a strong correlation with BMI both in men (r 0.813, p 0.0001) and women (r 0.888, p 0.0001).
Relationship of PBF with Age
PBF showed a weak inverse relationship with age in men (r 0.149, p 0.0001), but had no significant relation with age in women (r 0.055, p 0.054). (Table 2) Age showed a positive relationship with sBP, while its relation with dBP was subtle. Both BMI and PBF showed positive relationships with sBP and dBP. Age, BMI and PBF showed a weak association with FPG and HbA1C. There was no association of age with any of the lipid and lipoprotein parameters except for its subtle relation with Log TG. In contrast, both BMI and PBF were positively associated with TC, LDL-C and, to a higher degree, with log TG, while being inversely associated with HDL-C levels. (Table 3) Age, BMI and PBF showed positive associations with sBP and, to a lesser degree, with dBP. In women, the association of age, BMI and PBF with FPG were higher and likewise those with HbA1c were higher than in men. Unlike in men, age had significant associations with serum TC, Log TG and LDL-C levels, but not with HDL-C levels. BMI showed a positive association with Log TG and, to a lesser degree, with TC and LDL-C, while showing an inverse relationship with serum HDL-C. Similarly, PBF showed a positive association with Log TG and an inverse one with HDL-C, and the associations of PBF with TC or LDL-C were relatively weak compared with those in men. (Table 4) Multiple regression analysis with BMI, age and PBF as independent variables and with several metabolic parameters as dependent variables showed that the relation of PBF with blood pressure was not as strong as age or BMI.
Relationships of Age, BMI and PBF with Several Metabolic Parameters in Men
Relationships of Age, BMI and PBF with Several Metabolic Parameters in Women
Multiple Regression Analysis on the Relationships of Age, BMI and PBF with Several Metabolic Parameters in Men
The relation of PBF with FPG and HbA1c was not as strong as age. Of note, the relation of PBF with TC and TG was more pronounced than BMI and age with these lipid parameters. In contrast, BMI was more strongly associated with serum HDL-C levels than PBF and age.
Multiple Regression Analysis on the Relationships of Age, BMI and PBF with Several Metabolic Parameters in Women (Table 5) The relationship between blood pressure and PBF did not persist after adjustment for BMI and age. Similarly, the relationship between glucose metabolism parameters and PBF did not persist or almost disappeared after adjustment for other co-variants. In contrast, the relationship between PBF and TC, TG and LDL-C was stronger than those between BMI and these lipid parameters. However, the association between PBF and HDL-C did not persist after adjustment for BMI and age, while in contrast, BMI was the independent determinant of HDL-C levels among age, BMI and PBF.
Relationships of BMI or PBF with Several Metabolic Parameters After Subclassifying the Subjects
According to Age Group (Table 6) In men, PBF had better associations with LDL-C across all ages and with TG in middle age than did BMI. In women, PBF had better associations with LDL-C and TG than did BMI across the age. In contrast, PBF had weaker associations than BMI with HDL-C in young to middle aged men and women. Also, the relation between PBF and BMI was weaker in the elderly population.
Discussion
In this study, we analyzed the relationships of PBF by BIA with several metabolic parameters in 1,380 men and 1,103 women who underwent medical checkups from 1999-2002. Our findings are consistent with a previous study that compared with BMI. PBF by BIA was more strongly correlated with serum lipids except for HDL-C in Japanese population 8) , although unlike our study they did not present data on PG and BP. We also subclassified the subjects according to age and measured Pearson's correlation coefficients between lipids and BMI or PBF by gender and age.
Despite PBF measured by BIA being a simple, [1] [2] [3] , to our knowledge its clinical significance has not been well clarified. This is in stark contrast to the BMI, which has long been recognized as a predictor of morbidity and mortality due to numerous chronic diseases, including type 2 diabetes, cardiovascular disease and stroke 9, 10) . Obesity is determined based on an individual's BMI, which just like PBF, does not provide any information on an individual's body fat distribution but is the widely standardized parameter for defining obesity. Indeed, in this study, we found that this parameter was a good predictor of BP, especially for men. PBF, on the other hand, was not likely to be a good predictor of BP in both genders. Likewise, it was not a good predictor of an individual's fasting glucose and HbA1c levels in both genders. In contrast, it was found to be the strongest predictor of TC, LDL-C and TG among age, BMI and PBF in men. Although the mechanism of TG's association with PBF has not been elucidated, we presume that it is highly related to the fact that adipose tissue is the main store of TG in the body. TG in adipose tissue undergoes hydrolysis by a hormone-sensitive lipase to form free fatty acids. The liver in turn takes up free fatty acids from the circulation and cause the formation and secretion of VLDL 11) . VLDL is subsequently metabolized into IDL, leading to the formation of LDL. Among the lipid parameters we investigated, unlike TC, TG or LDL-C, HDL-C was much more closely associated with BMI than was PBF. We speculate the potential reasons for this as follows: HDL-C is first secreted by the liver and intestine as small, lipid poor, apo A-1 particles termed nascent HDL 12) . These HDL particles interact with the ATPbinding cassette transport protein A1 (ABC A1) on peripheral cells such as arterial wall macrophages to drive cholesterol efflux 13, 14) . This step is followed by the maturation of HDL particles by the function of lecithin-cholesterol acyltransferase (LCAT) 15, 16) . Cholesteryl ester transfer protein, which is produced in the liver, spleen, skeletal muscle and adipocytes, is involved in cholesteryl ester transfer from HDL particles to apoB-containing particles, including very low density lipoprotein (VLDL) and LDL 17, 18) . Hepatic lipase (HL), which is mainly produced in the liver, also plays a key role in the metabolism of HDL particles 19, 20) . Specifically, HL hydrolyzes TG in HDL, generating small-modified HDL particles, which are taken up primarily by the scavenger receptor class B type on the surface of hepatocytes 21, 22) . These lots of steps for determining serum HDL concentration might account for the relatively weak association of HDL-C with PBF.
In both sexes, but especially in men, young subjects had closer associations between BMI and PBF than did elder individuals, and these associations slightly declined with age, which may be due to increased in inter-individual variations of body composition with age 23) , since body composition may be affected by many age-related changes, such as decreases in bone, muscle, and body water, and distribution of fat 24, 25) . Also, it has been shown that PBF measured by BIA is less precise and less accurate in the elderly than in young individuals 26) . Indeed, in our study, the degree of the association of lipids to BMI or PBF also changed according to age.
Besides the method studied in this study, recently, an excellent and sophisticated technique by BIA was introduced 27) , which appears to be able to provide us with information on visceral fat mass without using CT. Given that the importance of measuring visceral fat, not whole body fat, has been increasingly emphasized recently 28) , we hope that this method will prevail in the near future.
Recently, more and more attention has been given to the measurement of waist circumference, because it has now become the essential component for diagnosing metabolic syndrome. Our previous study has shown that PBF versus BMI was highly related to waist circumference in middle-aged men ([r 0.893, p 0.0001] versus [r 0.876, p 0.0001]) in the Kanazawa district 29) .
In conclusion, based on our findings of 1,380 male and 1,103 female Japanese healthy subjects, we suggest that measuring percent body fat by bioelectrical impedance analyses (BIA) may be superior to BMI for predicting an individual's serum lipids except for HDL-C in middle-aged men and women.
